A new formulation for solving Maxwell's equations is presented. It is based on combining radiating/one way non-radiating currents with volume integral equations. The results of the proposed scheme are compared with those for a number of cases with known analytical solutions. The accuracy and convergence properties of the proposed scheme are reported and the advantages and limitations are detailed.
Introduction:
A new semi-analytical formulation for the computation of the scattered electromagnetic fields from vertically stratified lossy perfect dielectric media is presented. We developed this approach to overcome some of the limitations and difficulties of the existing approaches (Finite-Difference Time-Domain (FDTD), Finite Element Method (FEM), Boundary Element Method (BEM), ... [1] [2] [3] ). Those limitations include numerical dispersion and numerical polarization, the need to truncate the computational domain, hence, the introduction of unphysical nonreflecting boundaries, the difficulty of representing highly localized sources, the bad accuracy near points where the field is singular, difficulty in dealing with thin layers and other domain parts with fast varying medium properties, inaccuracy of representing evanescent fields and singular and hypersingular integrals (in the BEM).
Formulation:
The derivation of the scattered electromagnetic field proceeds through three steps. In the first step, the Maxwell's equations are recast in the form of a volume integral equation on the induced electric polarization current inside the scattering lossy perfect dielectric medium. The volume integral equation method has established itself as a reliable formulation approach for scientific problems and engineering applications related to wave phenomena [4] .
In the second step, the polarization current is decomposed into radiating and one way (the back scattering direction) non-radiating components that are shown to form a complete orthonormal set of eigen functions. The polarization current inside the scatterer is then expanded in terms of the deduced complete set; the orthogonality of the complete set is used to recast the volume integral equation into a linear system; the expansion coefficients are found by solving the linear system.
In the third step, the back scattered electromagnetic field is computed by applying Green's function [5] to the found expansion coefficient of the radiating part of the polarization current.
A) Volume Integral Equation
Consider an infinite unphased electric line source oriented along the z − direction in free space (or a background medium) with a 2-D inhomogeneity of finite support located in the background medium. The geometry as well as the physical parameters of the inhomogeneity are z − independent too. We want to compute the field scattered from the 
J x y is an electric current source and ( , ) M x y is a magnetic current source, hence, the scatterer presence in free space can be thought of as an electric polarization, ( , ) J x y , and a magnetic polarization, ( , ) M x y , currents given by Therefore, for such a z − independent problem and no magnetic currents, the nonvanishing field components are the electric field in the z − direction and the magnetic fields in the x and y directions. The electric field inside the scatterer is given by [4] [5] ( )
with Im 0,
where ( , )
zs E x y is the total field inside the slab, 0 ( , )
z E x y is the incident electric field, 
and
B) Radiating/ Non-radiating Currents
The concept of decomposing the electric polarization current into a radiating part plus a non-radiating part was introduced in the literature many years ago [6] . A radiating current generates fields inside and outside its domain of existence. A non-radiating current produces fields inside its domain of existence only; the field outside its domain of existence is identically zero. Several authors made use of the concept to tackle the inverse scattering problem; see [7] and references therein.
In the work presented here, we make use of the radiating/non-radiating currents decomposition to solve the Maxwell's equations. For such a solution to be accurate and efficient, one is required to find a function representation for the currents in which they form a complete orthogonal set, hence, represent an arbitrary current.
However, except for simple domains such as the sphere [8] orthogonal set has not been reported and seems to be very difficult to construct; if it exists at all.
C) Radiating/ One Way Non-radiating Currents
In order to tackle vertically stratified slabs, we introduce the concept of one way nonradiating currents. That is, for back scattered fields in the domain 0 y ≤ , we aim at constructing a complete orthogonal set of radiating/ back scattering non-radiating currents such that the back scattering non-radiating currents generate fields inside their domain of existence and in the forward scattering domain, y L > while the field in the back scattering domain, 0 y ≤ , is identically zero. Hence [5] , For forward scattered fields in the domain y L ≥ , we aim at constructing a complete orthogonal set of radiating/ forward scattering non-radiating currents such that the forward scattering non-radiating currents generate fields inside their domain of existence and in the back scattering domain, 0 y < while the field in the forward scattering domain, y L ≥ , is identically zero. Hence [5] , We will concentrate on the back scattering case; the forward scattering case is easily found by analogy. Now, we make use of the complete orthogonal set into the integral equation on ( , )
J k the expansion coefficients of ( , ) z x J k y in terms of the complete orthonormal set. Hence, 
leading to expressing the integral equation, for 0 L y ≥ ≥ , in the form
where 2 1 N + is the number of the complete set functions retained in the expansion.
Using the point-by-point matching method, we generate a linear system, on 0, 1, 2,.., } n N = ± ± ± , of the form
, ,
In matrix-vector format, the linear system reads ,
D) Scattered Field Computation
Once the coefficients { ( )} n x J k are computed, we obtain the spectral distribution of the reflected electric field at the base of the slab, 0 y = , namely, 
Results:
The results of the proposed scheme are compared with those for a number of cases with known analytical solutions. The comparison is done for a wide range of stratified scatterer sizes, permittivities and conductivities as well as source operating frequencies. We present here the results of comparing with a perfect dielectric homogeneous slab of properties r ò and  , for which case, the spectral back scattered field at the base of the slab, 0 y = , is given by ( ) 
Conclusions:
The proposed scheme proved to be very accurate and efficient for a wide range of problem parameters. It belongs to the class of schemes that can be divided into two parts. One that is independent of the properties of the scattering medium, hence, the current complete orthogonal set as well as the corresponding fields are computed once for all ranges of values of the medium parameters (this part is called Compute Once Use Many (COUM)). The second part is a very fast computation that produces the fields for a particular choice of medium parameters (this part is called Use Many (UM)). This characteristic of the scheme COUM/UM puts it far ahead, in terms of efficiency, of the , that is, a change in any problem parameter requires recomputing from the first step. This COUM/UM characteristic is especially crucial for problems wherein one needs to calculate many instances of the reflected fields for different values of medium parameters, for instance inverse scattering problems [11] . While we have presented the case of vertical stratification; extensions to include lateral variations are in progress.
